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O s c a r Vivian Batson was born in Sedalia, MO, the son of school teachers. He graduated first in his class from Sedalia High School, moving on to the University of Missouri. It was during his undergraduate years that Batson decided on a career as an anatomist. At the University of Missouri, he was introduced to 2 technical innovations on which much of his later work was based. The first of these was the perfection of injection methods that allowed him to study the vasculature. The second was the use of fluoroscopy and radiographs to study anatomy. After obtaining a master of anatomy, Batson obtained a doctor of medicine from St Louis University in 1920.
After a short stint as an instructor of anatomy at the University of Wisconsin, Batson moved to Cincinnati where he remained for 7 years. In 1933, Batson became the professor of anatomy in the Graduate School of Medicine of the University of Pennsylvania, where he spent the rest of his life. The radiographic facilities provided by the Graduate School allowed him to perform the type of investigations on which The Classic article is based. In addition to studying the vasculature of the spine, Batson also studied the vasculature of the head and neck. This work went hand in hand with his practice of otolaryngology, performed at Philadelphia General Hospital, Episcopal Hospital, and Hospital of the University of Pennsylvania. In his classic article, reproduced here in a shortened version, Batson used his anatomical and technical knowledge to demonstrate the presence and significance of the important system of vertebral veins. His knowledge of clinical pathology allowed him to postulate the role of this system in the spread of pelvic tumors and to partially explain the predisposition of such tumors to develop vertebral metastases.
Leonard F. Peltier, MD, PhD
Metastatic abscesses and metastatic tumors can appear in locations that do not seem to be in line of direct spread from their primary focus. There is even a regularity of distribution of these paradoxic metastases. Empirically, the roentgenologist makes a diagnosis of primary carcinoma of the prostate when he finds a certain peculiar distribution of bone lesions in the pelvis. Adequate explanation has not been forthcoming for the typical and peculiar distribution of these metastatic lesions. The pattern, to me, is not at all that of the nerve sheaths of the area as suggested by Warren, et al.' It is not the pattern of lymph vessel distribution. The only anatomic system into which this pattern fits is the system of veins which, in its plexiform ramifications, infiltrates and invests the sacrum, the lumbar spine, and the adjacent wings of the ilia. Several years ago, I suggested that the architecture of this plexus of veins could be explored by taking advantage of the pelvic anastomoses of the deep dorsal vein of the penis. The connections and the collateral circulations of this vein are identical with those of the prostatic plexus of veins with which it connects. Valves in the veins of this region are exceedingly variable. All valves present permit flow toward the sacral venous plexus. Injections were first made in 1937. A preliminary report was read before the Conference of Eastern Radiologists, in Philadelphia, January 29, 1938, under the title of "The Veins of the Sacrum in Relation to Metastatic Carcinoma from the Prostate." This work has been continued and extended. Injections and corrosion preparations of the vessels of the head and neck, already completed, formed an invaluable background for this study. The dissemination of infections and tumors from organs in other regions by the veins about the spine has also been considered. This has led to a better apprecia- 
THEORIES OF TUMOR SPREAD
Objections are constantly occuning to current theories of tumor spread. Objections of Handley's4 permeation theory are very completely stated by Willis.' A clear summary of the whole problem, together with his own concept of tumor spread, is made by Wal@er,6 who holds that metastases are carried by lymphatic channels only so far as regional lymph nodes; from that point on he feels that tumors are spread by the blood-vascular system. His views are shown in four clear-cut figures ( Fig  1) to illustrate his four types. He cannot concede the possibility of a retrograde lymphatic spread (Handley) , and while he admits in theory the possibility of a temporary reversal of the flow in a vein, he does not think that this has any practical significance. Walther did not envision the role of straining and coughing in tumor spread stated above. It is to be noted in each of Walther's four types, namely, the lung, the liver, the portal and the caval, that he takes the metastatic material by way of the caval system through the heart, through the lungs, back through the heart and then to the peripheral parts of the body. This makes necessary his assumption of differential filters to explain the absence of lung lesions. It seems doubtful that an assumed predilection of carcinoma cells for tissues invaded routinely, explains the distribution pattern in such conditions as metastatic carcinoma of the prostate.
The transporting of tumor cell masses in veins is established by numerous reports (see Willis,' p. 18). The role of veins in the spreading of pyogenic processes needs no comment.
According to the concept here developed we have a vast intercommunicating system of veins which on the ground of anatomic injections, animal experiments, and simple logic, is constantly and physiologically the site of frequent reversals of flow. During these reversals a pathway up and down the spine exists which does not involve the heart or the lungs. The pathway has many connections. It provides a ready vehicle for the explanation of "aberrant" metastatic patterns and removes the stumbling block of the absence of lung involvement. The course through an open foramen ovale, while still a possible path, is no longer necessary to explain this lung "paradox." nated as the meningorachidian veins. The strictly vertebral portion of the network is composed of thin-walled vessels; when empty of blood they are difficult to identify yet they have considerable volume. Gilbert Breschet' was the first to fully appreciate the complexity and interrelationship of these veins of the skull and vertebral column. In the head and neck in man the veins ordinarily have no valves except at the point of emptying of the internal jugular veins. Throughout the cranium the veins of the brain, the veins of the meninges (the venous sinuses), and the veins of the skull bones themselves (the diploic veins), and the veins of the various extracranial plexuses anastomose richly. The usual methods of study fail to indicate their extent and size. Study of these vessels in the cadaver, in the experimental animal, and at the operating table show that they are storage lakes* as well as pathways of drainage. Stagnation is frequent. Their thin walls indicate that their contents are under low pressure.
The longitudinal vertebral veins duplicate their size and pattern from segment to segment; they have connections with the veins of the body cavities at each interverte-bra1 space. The head, except for the two internal jugular veins, has a very similar arrangement. Even with the jugular veins, the posterior condyloid veins and the mastoid emissary veins and others act as by-passes, and are part of a plexiform network.
These vertebral veins have many and rich communications with the veins in the spinal canal, the veins around the spinal column, and those within the bones of the column. This system communicates with the segmental (intercostal) veins of the thoracicoabdominal wall (including those of the
THE VERTEBRAL VEINS AND CONNECTIONS
I have referred to these veins about the vertebral column with their connections as the vertebral veins. Sometimes they are desig-* Barcroft, according to Franklin, feels that an organ can be regarded as a blood depot only if it is clear "that the blood is not in the organ because it is being used there." Willis, however, fails to include this vertebral plexus in his list of blood depots. This seems to be an oversight, for the vertebral veins contain blood obviously not in use in the region.
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The Classic 7 breast) and with the azygous system of veins. Through the latter there are free communications with the posterior bronchial vein and the parietal pleural veins. There are an occasional communication with a renal vein and rich communications with the pelvic viscera. Many of these communications are seen in a recent injection. In a five-foot four-inch senile, male cadaver, weighing but 65 pounds, we were able to readily introduce 200 cc. of medium into the meningorachidian system by means of the dorsal vein of the penis. A study of the roentgenograms of this cadaver shows that there has been some spill-over into the caval system. Apparently, this occurred through one of the lumbar veins, and the material ran from there in a retrograde fashion into the renal and to a lesser degree into an hepatic vein. Even discounting for this spill into caval connections the amount of material injected, in the absence of back pressure to cause distention, represents a considerable amount of fluid when rated against the total amount of blood in a small individual.
The testes and ovaries do not ordinarily have direct connections. These veins of the spine connect with the venae vasorum of the large vessels of the extremities and with the veins of the two bony girdles and the veins of upper ends of the femora and humeri. For the most part, all of the vessels mentioned are without effective valves. The valves of the pelvic veins are variable. The veins accompanying the spinal nerves are commonly described as having valves but, as seen by the injection, these valves are no barrier to the suffusion of the entire system. Developmentally, while this system came from many components it has retained its essential primitive character-rich anastomoses, absence of valves, plexiform channels and many reduplications.
THE VERTEBRAL VEINS AS A VEIN SYSTEM
It is proposed that in addition to the recognized systems of veins, the pulmonary, the caval and the portal, because of its anatomic structure, its physiologic and its pathologic importance, we add, as a fourth, the vertebral system of veins (Fig 2) . According to this concept, in every act of straining, coughing, or lifting with the upper extremity, the blood is not only prevented from entering the thoraco-abdominal cavity, it is actually squeezed out of the cavity. Tumors and abscesses of the thoracico-abdominal wall, including the breast, tumors of the lung, pelvic tumors and abscesses, lesions of the shoulder and pelvic girdles, and occasionally tumors and abscesses of other organs have connections with this vein system and may therefore, have metastases disuibuted anywhere along the system without in-volving the portal, the pulmonary or the ca-Val system.
IMPLICATION AND EXTENSION OF CONCEPT
Almost every medical journal, medical meeting and hospital corridor provides case reports which are understandable by the mechanism here reported but which otherwise are obscure. Recent reports (Weyrauch,' and Walsh and Goldberg") of disaster following diagnostic injections of perirenal air, and of blindness after pneumothorax are, unquestionably, to be explained by the introduction of air emboli into the vertebral venous system. This venous air embolism problem is now being studied in experimental animals and will be reported shortly (Batson, Webster, MacDonald and Lewy) .
Other applications to some of the problems raised by spinal cord tumors and by ascending spinal infections will immediately occur to many.
Turner and Jaffe" have recently summarized a large series of cases in regard to metastases. They note the tendencies of the various histologic types, but even after this classification, much is unexplained if the vertebral veins are not utilized. Ormond" reports a case of cancer of the penis in which the spread probably occurred through the vertebral veins. These veins seem to explain why the neurosurgeon so frequently makes the diagnosis of bronchiogenic carcinoma with cranial metastases. The primary lesion provides the tumor cells and the stimulus for the cough which causes a flow from the bronchial veins, especially the posterior one, into the spinal veins rather than into the veins of the right heart. One would expect metastases to travel both upward and downward. F~l s o m e '~ reports two cases of vaginal tumors, secondary to bronchiogenic carcinoma. The uterovaginal veins are commonly without valves and as noted earlier have rich communication with the vertebral veins.
Lung abscesses proverbially have secondary abscesses in the brain. The posterior bronchial vein and vertebral veins with the ever-present cough appear to present the plausible route of extension.
CONCLUSIONS
Many metastatic tumors and abscesses do not fit readily into accepted explanations for tumor spread. The absence of lung involvement has been a constant stumbling block to current theories. Even an open foramen ovale has been used to explain metastatic paradoxes.
The vertebral veins with their rich, valveless ramifications and connections offer a possible solution to the difficulty. Injections into this system by way of the deep dorsal vein of the penis gives a pattern duplicating typical prostatic carcinoma spread. Injection of breast venules seems to duplicate the pattern of aberrant breast cancer spread, i.e., spread into the spine, the ribs, the shoulder girdle and the skull.
Injection experiments in living monkeys, with simulated abdominal straining, show that the venous flow from pelvic veins is into the vertebral vein system.
The vertebral vein complex with its cranial and body-wall connections acts as a separate vein system. It may be either a venous pool, or it may be a venous by-pass for the other vein systems.
It is possible to explain most cases of aberrant malignant metastases, aberrant pyogenic metastases and aberrant embolism following air injections by the demonstrated role of the vertebral vein system.
It is proposed that the veins of the brain, skull, neck, viscera, vertebral column (together with their valveless connections in the girdles) and the body-wall veins be considered a separate, although overlapping, system of veins. We suggest, for brevity, that the term vertebral veins be used to indicate this system. According to this concept
